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@ Digital signal processing apparatus and mettiod and dither signal generating apparatus. 



@ A digital signal processing apparatus and a 
method for carrying out a re-quantization pro- 
cess for turning an inputted digital signal into a 
digital signal with a smaller bit number includes 
a signal generator (10) and a re-quantization 
processor (13). The signal generator has a data 
generator (1), a delay circuit (2) and an adder (4) 
and generates a dither signal for which an 
amount of a high frequency component is 
larger than that of the low frequency compo- 
nent. The data generator (1) generates M-series 
data-tilce non-conrelating data. The delay circuit 
(2) delays the output from the data generator 
(1). The adder adds (4) the output from the delay 
circuit and an output from the delay circuit for 
which the polarity has been inverted (3). In the 
re-quantization process, the dither signal from 
the signal generator and the inputted signal are 
added (12) and the added signal is then re- 
quantized (13). 
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BACKGROUND 

1 , Field Of The Invention 

The present invention relates to a digital signal 
processing apparatus and method and a dither signal 
generating apparatus. More particularly, the present 
invention relates to a digital signal processing appa- 
ratus and method which employs a dither signal, and 
a dither signal generating apparatus. 

2. Bacl^ground of the Invention 

When N-bit data generated by digital signal proc- 
essing occurring in circuits such as digital filters and 
DSP (Digital Signal Processing) circuits are supplied 
to another signal processing sections, sometimes 
fraction processing such as roundlng-down or round- 
ing off has to be carried out on the lower bit data of 
the N-bIt data so as to re-quantize the data into M bit 
(N>M) data to ensure that the data match with the op- 
eration bit number (M bits) for the downstream signal 
processing sections. 

it is known that the data signal Is added with a low 
level dither signal, the linearity of the LSB (Least Sig- 
nificant Bit) level is increased and the tonal quality is 
improved upon. 

In this case, the randomness of the noise level of 
the dither signal is greater if the noise signal taken as 
the dither signal is larger. Also, a large energy level Is 
preferable for raising the linearity. It is. however, de- 
sirable for the noise level to have a distribution which 
at least fialls within the level of one bit step for the data 
quantization. 

If the dither signal noise is generated at approxi- 
mately the same generating frequency with respect to 
the noise level as shown by the relationship between 
the noise level of the dither signal and the generating 
frequency Indicated by the dashed line (1) shown in 
FIG. 1 , the energy (the area for the inclined line) which 
is the dither signal cannot be made to be so large be- 
cause the noise component for which the absolute 
value of the level is large is generated In the same 
way. As a result, there are therefore cases where dith- 
er signals for raising the linearity do not possess suf- 
ficient energy. Therefore, a dither signal is adopted so 
that the maximum generating frequency exists where 
the distribution of the noise level is zero as shown by 
the solid line (2) in Fig. 1 , with the generating frequen- 
cy then reducing as the absolute value for the level re- 
duces (this kind of dither signal will hereinafter be re- 
ferred to as a distributk>n dither signal). In this way, it 
is possible to both increase the energy and Increase 
the linearity of the dither signal. 

Adither signal which has the kind of uniform char- 
acteristic shown in FIG. 2 can therefore be used so as 
to take into account the point of view of having a fre- 
quency characteristic of a dither signal which can be 



added to digital data during re-quantization. However, 
this means that the noise level of noise other than re- 
quantization noise is also perceptibly increased. In 
particular, when a dither signal of the necessary level 

5 is added in order to increase linearity this is accom- 
panied by problems which go with the increasing of 
the noise level by 3 to 6 dB. Namely, the increasing 
of the linearity is detrimental to the S/N ratio with this 
therefore causing a perceptible increase in the noise. 

10 Also, the kind of distribution dither signal shown 

by (2) in FIG. 1 is generated by using a plurality of M- 
series generators 21 and 22 of the kind shown in FIG. 
3, the output of which is then added at an adder 23. 
Each of the M-series generators 21 and 22 therefore 

IS reciprocally output the non-correlating random data 
Irrespective of each other. The noise data obtained by 
adding therefore peaks at zero level noise so as to 
give a level characteristic where the generation fre- 
quency falls as the absolute value for the level be- 

20 comes large. Namely, the characteristic shown by (2) 
in FIG. 1 is obtained. 

Acircuit of a comparatively large scale with a plur- 
ality of generators Is therefore required in order to ob- 
tain this kind of dither signal, which presents econom- 

25 ic problems with regards to this apparatus. 

SUMMARY OF THE INVENTION 

It Is therefore an object of the present invention 

30 to provide a digital signal processing apparatus which 
resolves the aforementioned problenns. 

It is another object of the present invention to pro- 
vide a dither signal generating apparatus which re- 
solves the aforementioned problems. 

35 It is also a further object of the present invention 

to provide a digital signal processing method which 
resolves the aforementioned problems. 

According to the present invention, there is pro- 
vided a digital signal processing apparatus which in- 

40 dudes a signal generator, an adder, and a re-quantiz- 
er. The signal generator is for generating a dither sig- 
nal having a larger amount of a high frequency com- 
ponent than that of a low frequency component. The 
adder is for adding a dither signal from the signal gen- 

45 erator and an inputted signal. The re-quantizer is for 
carrying out re-quantization processing on an output 
signal from the adder. 

According to another aspect of the present inven- 
tion, there is provided a dither signal generator for 

50 generating a dither signal having a larger amount of 
a high frequency component than that of a low fre- 
quency component which includes a data generator 
and a signal generator. The data generator is for gen- 
erating non-correlating data. The signal generator is 

55 for generating a dither signal having a larger amount 
of a high frequency component than that of a low fre- 
quency component by subtracting a delayed output 
for the non-correlating data outputted from the data 
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generator and the output from the data generator. 

According to a still another aspect of the present 
invention, there is provided a digital signal processing 
method for carrying out a re-quantization process for 
turning an inputted digital signal into a digital signal 
with a smaller bit number. In this method, a dither sig- 
nal having a larger amount of a high frequency com- 
ponent than that of a low frequency component is 
generated by subtracting delayed non-correlating 
data outputted from a data generator and non-corre- 
lating data outputted from the data generator. A gen- 
erated dither signal and an inputted dither signal are 
then added and the added signal Is then re-quantized. 

Therefore, according to the present invention, a 
signal having a frequency characteristic In which the 
amount of the high frequency component is larger 
than that of the low frequency component is used as 
the dither signal to be added to the inputted digital sig- 
nal. The energy distribution for the dither energy level 
can therefore be made large at a band which is higher 
than the audible frequency band so that this can be 
made to be at least the dither component within the 
audible frequency band. This means that the influ- 
ence of the dither noise on a perceptible level can be 
reduced, the level of the dither signal can be raised 
and the re-quantization linearity can therefore be 
raised. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a graph illustrating the distribution of the 
dither signal; 

FIG. 2 is a graph illustrating a usual dither signal 
characteristic; 

FIG. 3 is a block diagram of a usual distribution 
dither signal generator; 

FIG. 4 is a block diagram of an embodiment of a 
dither signal generating apparatus according to 
the present invention; 

FIG. 5 is a block diagram of a digital signal proc- 
essing apparatus having the digital signal gener- 
ating apparatus according to the present inven- 
tion; and 

FIG. 6 is a graph illustrating the dither signal fre- 
quency characteristic according to the embodi- 
ment. 

DESCRIPTION OF THE INVENTION 

The following is a detailed description of a digital 
signal processing apparatus and a dither signal gen- 
erating apparatus according to the present invention. 

FIG. 4 is a block diagram showing a dither gen- 
erator 10 according to an embodiment of the present 
invention. Here, a reference numeral 1 denotes an M- 
series data generator for generating random data, a 
reference numeral 2 denotes a delay circuit such as 
flip-flops, a reference numeral 3 denotes a polarity in- 



verter and a reference numeral 4 denotes an adder. 

Output data from the M-series data generator 1 
are supplied to the delay circuit 2 and the polarity in- 
verter 3. An output from the delay circuit 2 and an out- 
5 put from the polarity inverter 3 are added together at 
the adder 4, with an output from the adder 4 then be- 
ing used as the dither signal. 

Data generated at different times can be handled 
in the same way as data outputted from a plurality of 
10 M-series data generators because random data gen- 
erated at the M-series data generator 1 have no self- 
correlation except for a constant cycle data. Also, a 
subtracter is composed of the polarity inverter 3 and 
the adder 4. 

15 Accordingly, delayed data outputted at the delay 

circuit 2 and the data inputted at the polarity inverter 
3 are completely non-correlating at a point in time. A 
subtraction process is then carried out between two 
kinds of non-correlating data by adding the outputted 

20 data which have been polarity Inverted with the de- 
layed data at the adder 4. 

The noise data obtained by adding (subtracting) 
two kinds of non-correlating data are taken as the dis- 
tribution dither signal. Namely, as shown by the solid 

25 line (2) in FIG. 1 , and as mentioned above, if a zero 
noise level is randomly taken as the frequency peak, 
a level distribution characteristic In which the gener- 
ated frequency reduces as the absolute value for the 
level becomes large is obtained. 

30 The delay time for the delay circuit 2 is taken as 

a time which, for example, corresponds to the period 
of the sampling frequency Fg. 

Usually, data which is not at the sampling fre- 
quency usually undergoes frequency filter process- 

35 Ing via addition or subtraction. Namely, the delay time 
for the delay circuit 2 is made to have the period of the 
sampling frequency Fg. Data which is then only out by 
the period of the sampling frequency Fg is subjected 
to subtractk>n processing by the polarity inverter 3 

40 and the adder 4 so that a primary high-pass filter is 
formed. 

Dither signals generated by this dither generator 
10 have the kind of frequency characteristic shown, 
for example, by the solid line A shown in FIG. 6. 

45 It is also possible to arrange the polarity inverter 

3 at the dither generator 1 0 so that the polarity of the 
delayed data side is inverted. 

FIG. 5 is a block diagram showing an example of 
a digital signal processing apparatus having the dith- 

50 er generator 10 shown in FIG. 4 for carrying out re- 
quantization from N-bit data to M-bit data. In this 
case, the output of the digital processor which outputs 
the N-bit digital data is sent to a digital processor 14 
which carries out M-bit (N>M) digital processing. 

55 Namely, with respect to the N-bit data, the dither 

signal generated at the dither generator 10 is added 
at an adder 12. M-bit re-quantization processing is 
then carried out by rounding down or rounding off the 
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lower bits of bit number N-M at a fraction processing 
circuit 13. 

The linearity of the re-quantized data can be in- 
creased by adding the dither signal in this way and re- 
quantizing. In the embodiment, the noise generation 
due to the dither signal occurring in the audible band 
is then reduced because the dither signal has the kind 
of frequency characteristic shown by A in FIG. 6 
where an amount of the high frequency component is 
larger than that of the low frequency component (au- 
dible frequency band component). The broken line Z 
in FIG. 6 shows the frequency characteristic for a usu- 
al dither signal. It can be seen that the noise energy 
is reduced corresponding to the hatched region within 
the audible band in accordance with the dither signal 
A when compared with this usual example. If Fg is tak- 
en to be, for example, about 40 KHz, the audible band 
will be less than 1/2Fs. 

The problem of making the level of the dither sig- 
nal larger no longer exists as a result of the noise with- 
in the audible bandwidth having been reduced. This 
also means that the effect of the increase in the line- 
arity is increased. 

Also, at the dither circuit 10, it is possible to gen- 
erate dither signals having the kind of characteristics 
shown by the dot and dashed lines B, C and D shown, 
for example. In FIG. 6, by carrying out processing and 
setting the delay times at the delay circuit 2 while re- 
placing the sampling frequency Fg with nFs {n=2, 4, 
8 . . . ). In FIG. 6, the cases are shown where process- 
ing is canried out for B=2F8, C=4F» and D=8Fs. 

In this way, the noise level within the audible fre- 
quency band can be reduced so that the linearity can 
be increased to great effect as a result of increases 
in the level of the dither signal. 

In the embodiment, the linearity of the re-quan- 
tized data is raised while at the same time, the audible 
noise level is reduced. It also becomes possible to 
generate a distribution dither signal which has a fre- 
quency peak when the noise level is zero and for 
which the generating frequency reduces as the abso- 
lute value for the level becomes large while using just 
one M-series data generator. 

Also, the present invention is by no means limited 
to the structure of this kind of emtiodiment and vari- 
able modifications are possible within the scope of 
the daims. For example, the random data generating 
apparatus does not have to be an M-series data gen- 
erator. The delay circuit may also be composed a plur- 
ality of high order filters and a wide variety of settings 
may be considered for the frequency characteristic of 
the obtained frequency signal. 



Claims 

1. A digital signal processing apparatus comprising: 
signal generating means (10) for generat- 



ing a dither signal having a larger amount of a 
high frequency component than that of a low fre- 
quency component; 

addition means (1 2) for adding a dither sig- 
5 nal from said signal generating means (10) and 

an inputted signal (11); and 

re-quantization means (13) for carrying 
out re-quantizatk>n processing on an output sig- 
nal from said addition means. 

10 

2. A digital signal processing apparatus according 
to daim 1, wherein said signal generating means 
(10) comprises data generating means (1) for 
generating non-correlating data and filtering 
15 means (2,3.4) for filtering the non -correlating 

data outputted from said data generating means 
and outputting the high frequency component of 
the non-correlating data. 

20 3. A digital signal processing apparatus according 
to claims 1 or 2. wherein said signal generating 
means (1 0) comprises data generating means (1 ) 
for generating non-correlating data, delay means 
(2) for delaying the non-correlated data outputted 

25 from said data generating means and subtraction 

means (3,4) for subtracting the output from saki 
delay means and the output from said data gen- 
erating means. 

30 4. A digital signal processing apparatus according 
to claim 3, wherein said subtracting means fur- 
ther comprises polarity inverting means (3) for in- 
verting a polarity of an output from said data gen- 
erating means and an addition means (4) for add- 

35 ing the output from said polarity inverting means 

and the output from said delay means. 

5. A dither signal generator for generating a dither 
signal having a larger amount of a high frequency 

40 component than that of a low frequency compo- 

nent comprising: 

data generating means (1) for generating 
non-correlating data; and 

signal generating means (10) for genera t- 

45 ing a dither signal having a larger amount of a 

high frequency component than that of a low fre- 
quency component by subtracting (3.4) a delayed 
output for the non-correlating data outputted 
from said data generating means and the output 

50 from said data generating means (1). 

6. A dither signal generating apparatus according to 
claim 5, wherein said signal generating means 
(10) comprises delay means (2) for delaying the 

55 output from said data generating means (1) and 

subtraction means (3,4) for subtracting the out- 
put from said data generating means and the out- 
put from said data generating means. 
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7. A dither signal generating nneans according to 
claim 6, wherein said subtraction means conn- 
prises polarity inverting means (3) for inverting 
the polarity of an output from the data generating 
means and addition means (4) for adding the out- s 
put from said polarity Inverting means and the 
output from said delay means (2). 

8. A dither signal generating means according to 
claim 6. wherein the delay means (2) delays the io 
non-correlating data outputted from said data 
generating means by a period of time corre- 
sponding to a period of a sampling frequency. 

9. A digital signal processing method for carrying is 
out a re-quantization process for turning an in- 
putted digital signal into a digital signal with a 
smaller bit number, said process comprising the 
steps of: 

subtracting (3,4) delayed non- correlating 20 
data outputted from a data generating means (1) 
and non-correlating data outputted from the data 
generating means (1 ) to thereby form a dither sig- 
nal having a larger amount of a high frequency 
component than that of a low frequency compo- 25 
nent; and 

adding (12) a generated dither signal and 
an inputted dither signal; and re-quantizing (13) 
the added signal. 

30 

10. A digital signal processing method according to 
claim 9, wherein said subtracting comprises add- 
ing (4) said delayed non-correlating data output- 
ted from said data generating means (1) and an 
output, whose polarity has been inverted (3). 35 
from said data generating means (1). 
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FIG. 3 
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A digital signal processing apparatus comprising: 

gnal generating means (10) for generating a dither signal having a larger 
nount of a high frequency component than that of a low frequency 
)mponent; 

idition means (12) for adding a dither signal from said signal generating 
eans (10) and an inputted signal (11); and 

-quantization means (13) for carrying out re-quantization processing on 
1 output signal from said addition means. 

A digital signal processing apparatus according to claim 1, wherein said 
gnal generating means (10) comprises data generating means (1) for 
snerating non-correlating data and filtering means (2,3,4) for filtering the 
3n-correlating data outputted from said data generating means and 
jtputting the high frequency component of the non-correlating data. 

A digital signal processing apparatus according to claims 1 or 2, wherein 
aid signal generating means (10) comprises data generating means (1)for 
2nerating non-correlating data, delay means (2) for delaying the non- 
orrelated data outputted from said data generating means and subtraction 
leans (3,4) for subtracting the output from said delay means and the 
jtput from said data generating means. 

, A digital signal processing apparatus according to claim 3, wherein said 
jbtracting means further comprises polarity inverting means (3) for 
iverting a polarity of an output from said data generating means and an 
ddltion means (4) for adding the output from said polarity Inverting means 
nd the output from said delay means. 

.A dither signal generator for generating a dither signal having a larger 
mount of a high frequency component than that of a low frequency 
omponent comprising: 

ata generating means (1)for generating non-correlating data; and 
ignal generating means (10) for generating a dither signal having a larger 
mount of a high frequency component than that of a low frequency 
omponent by subtracting (3,4) a delayed output for the non-correlating 
ata outputted from said data generating means and the output from said 
ata generating means (1). 

. A dither signal generating apparatus according to claim 5, wherein said 
ignal generating means (10) comprises delay means (2) for delaying the 
utput from said data generating means (1) and subtraction means (3,4) for 
ubtracting the output from said data generating means and the output from 

k//v3. espaccncl. com/texlclam?DB=EPODOC&IDX=CN] 1 26391&F=0&QPN=CN] 1 26P.91 
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lid data generating means. 

A dither signal generating means according to claim 6, wherein said 
ibtraction means comprises polarity inverting means (3) for inverting the 
)larity of an output from the data generating means and addition means 
) for adding the output from said polarity inverting means and the output 
)m said delay means (2). 

A dither signal generating means according to claim 6, wherein the delay 
eans (2) delays the non-correlating data outputted from said data 
merating means by a period of time corresponding to a period of a 
impling frequency. 

A digital signal processing method for carrying out a re-quantization 
ocess for turning an inputted digital signal into a digital signal with a 
nailer bit number, said process comprising the steps of: 
ibtracting (3,4) delayed non-correlating data outputted from a data 
jnerating means (1) and non-correlating data outputted from the data 
inerating means {1) to thereby form a dither signal having a larger amount 

a high frequency component than that of a low frequency component; 
Id 

Iding (12) a generated dither signal and an inputted dither signal; and re- 
jantizing (13) the added signal. 

). A digital signal processing method according to claim 9, wherein said 
ibtracting comprises adding (4) said delayed non-correlating data 
jtputted from said data generating means (1) and an output, whose 
)larity has been inverted (3), from said data generating means (1). 
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